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A small-scale private forestry is forming in Lithuania (35.1% of the total forest area). An average 
size of a private forest estate is 3.4 ha. The private forest sector constitutes 221,700 private forest 
owners. Income from wood sales constitutes the main part of private forest owners’ income from 
forests. The main directions for increasing the income from forests include usage of logging 
residues and other currently non-used wood for wood fuel, usage of non-wood forest products, and 
sales of environmental services including CO2 sequestration.  This paper examines economic analysis 
of forest fuel production from logging residues, opportunities to increase the income from private 
forests, using non-wood products, getting compensations for restrictions in protected forests and 
participating in the EU Emission Trading System, in Lithuania.    
 
 
INTRODUCTION 
 
Small-scale private forestry is increasing in Lithuania. As at 1 January 2007 private forests 
occupied 717,000 ha, which was 35.1% of the total forest area. The private forest sector constitutes 
221,700 private forest owners. The distribution of private forest estates by the size is as follows: up 
to 1 ha, 36.7%; from 1.0 to 10 ha, 57.4%; more then 10 ha, 5.9%. An average size of private forest 
estate is 3.4 ha; the largest one amounts to 1642.1 ha.  
Income from wood constitutes the main part of private forest owners’ income from forests. The 
felling volume of Lithuanian private forest is 2.6-2.7 M m³ annually. Logs, pulpwood, board wood 
and firewood are produced in private forests. New income source from forests including private 
ones appear in Lithuania. This includes using logging residues for woodchip production (i.e. as 
biofuel).  
The production and use of biofuel is an important direction of energy development in Lithuania 
and other EU countries. In the National Energy Strategy of Lithuania (National Energy Strategy 
2007). It is proposed to increase the share of renewable energy resources in the national primary 
energy balance to at least 20% by 2025. Wood is one of the most important renewable energy 
sources in Lithuania. Wood fuel constituted 90% of the renewable energy resources used for energy 
in 2005 (Zaremba 2006). 
In January 2006, the installed capacity of wood energy plants was 385MW (Zaremba 2006), and it 
is expected to reach 730MW in 2010 (Ignotas 2005). Firewood and wood industry residues are 
already fully consumed. Moreover, firewood and wood industry residues could be competitively 
used, not only for fuel, but also for board and pulp production. Projections of woodfuel resources 
are therefore based on forest logging residues (tops and branches) and wood from pre-commercial 
cuttings, which total about 0.6 M m3 of wood per year. Only 5% of this amount is currently used. 
The usage of these resources depends on woodchip production cost and market price.  
A major resource, which could increase the income from private forests, is non-timber products 
and services of forests. The main types of non-timber products from forests in Lithuania are 
mushrooms, berries, medical herbs and game. Forest mushrooms, berries, medical herbs are 
collected freely. Game is under state ownership in Lithuania. Forest owners are not able to gain 
any compensation for providing such forest services as recreation, CO2 sequestration, preservation 
of biodiversity and protection of water and soil to the wider community. The income from private 
forests would considerably increase if the problems of the ownership of some forest products and 
commercialization of non-timber services were solved.  
The objective of this research was to estimate work time expenditures, costs, and profitability of 
chip production from forest residues. 
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WOODCHIP PRODUCTION 
 
Time expenditures were examined for four forest areas: pre-commercial cuttings (area I), clear-
cuttings, chips production from logging residues (area II), clear-cuttings, chips production from 
stemwood and logging residues (area III) and clear-cuttings, chips production from whole trees.  
Area I was an immature (19-year-old) spruce stand, where birch and aspen trees were felled. The 
average felled volume was 56 m3 per hectare. Brush wood is left in the cutting area in traditional 
pre-commercial cuttings. When chip production was integrated in pre-commercial cuttings the 
brush wood was used for chips. Brush wood was piled along the strip roads and forwarded to the 
roadside using a MTZ-82 tractor with a Weimer-8 trailer.  
Area II was a mature (40-year-old) grey alder stand. An integrated production of roundwood and 
raw material for chips from logging residues was performed in the cutting area. Logging residues 
were placed on strip roads. Roundwood and logging residues were forwarded to the roadside using a 
Belarus-952 tractor with a Patu-8T trailer over an average distance of 110 m. Logging residues were 
pressed onto strip roads used for transporting roundwood and left in the cutting area to dry for one 
summer month (June). Chipping was done with a Mus-Max drum chipper mounted on a Mercedes-
Benz automobile. The chips were ejected into trailers with a capacity of 75–90 loose cubic metres. 
The distance to the heating plant was 50 km. 
Area III was an immature (20-year-old) grey alder stand with spruce undergrowth. Clear cutting 
was performed, but preserving the spruce undergrowth. During felling, only raw material for chips 
was prepared. Felled undelimbed trees longer then 6 m were cut into two segments. Upper stem 
parts with branches were placed separately from stems. Stemwood was forwarded at once after 
felling over an average distance of 1230 m. Logging residues were left in the cutting area to dry for 
one summer month (August) and then forwarded over an average distance of 1310 m. Forwarding 
was done using a Belarus-952 tractor with Patu-8T trailer. Stemwood was chipped with a Mus-Max 
drum chipper mounted on a Mercedes-Benz automobile. Branches and tops were chipped with a 
Giant-6 chipper mounted on a Giant Sisu automobile. The chips were ejected into trailers with a 
capacity of 75–90 loose cubic metres. The distance to the heating plant was 50 km. 
Area IV was an immature (15-year-old) grey alder stand. Clear cutting was carried out. Felled 
undelimbed trees were placed into piles during felling, and stems longer than 6 m were cut into 
two sections. Forwarding was done immediately after felling, using a Belarus-952 tractor with Patu-
8T trailer, over an average distance of 1540 m. Chipping was done with a Giant-6 chipper mounted 
on a Giant Sisu automobile. The chips were ejected into trailers with a capacity of 75–90 loose 
cubic metres. The distance to the heating plant was 50 km. All the workers and machinery 
operators had at least two years’ work experience.  
The technology of chipping at the landing (described by Hakkila 2003) was chosen for the studies 
because it is most often used in Lithuania. With this technology, the following main logging 
operations are distinguished: felling and piling of raw material for chips by strip roads (when 
logging residues is produced only piling is done), forwarding of raw material to the landing, 
chipping with a mobile chipper, and transportation to the heating plant. When raw material is sold 
at the roadside for chipping, only the first two logging operations are performed. Time 
expenditures estimated in study areas vary from 0.847 to 2.086 (Table 1).  
 
Table 1. Time expenditures in study areas 
 
Study area Logging in the 
cutting area, h/m3 
Forwarding, 
h/m3 
Chipping, 
h/m3 
Transportation, 
h/m3 
Total, 
h/m3 
Area I. Brush wood 1.700 0.257 0.031 0.098 2.086 
Area II. Logging residues 0.406 0.251 0.116 0.183 0.956 
Area III. Stemwood 0.515 0.179 0.043 0.110 0.847 
Area III. Logging residues  0.515 0.462 0.032 0.099 1.108 
rea IV. Whole trees 0.484 0.322 0.031 0.098 0.935 
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Cost (S) and profit (P) were calculated according to the following model: 
S=Kst+St×(1+p/100), (1) 
St=Σ tj×dj+ Σ nej×Ze, (2) 
P=K-S, (3) 
where: 
Kst = stumpage price, Lt/m3; 
St = direct logging costs of chips, Lt/m3; 
p = percentage of overhead; 
t j  = time expenditure to carry out operation j, h/m3; 
dj = price of one time unit (hour) for operation j, including social insurance (31%) and holiday 
loading Lt;  
nej = time expenditure by machine e to perform operation j, h/m3; 
Ze = operating costs of machine e per hour, Lt; 
j = logging operation (loading, hauling, chipping, transportation);  
e = machine used to perform operation j; 
K = price of chips, Lt/m3. 
 
It was found that the production of chips from brush wood and logging residues was a losing 
proposition (Table 2). Profitability of production of raw material for chips from whole trees 
depended on forwarding distance. Production of raw material for chips from stemwood was 
profitable in grey alder stands. 
The cost of chips depends on the type of raw material (Table 3). Production of chips from 
stemwood and whole trees was predicted to be profitable. Production of chips from brush wood and 
logging residues appears profitable in cases when the forwarding and transportation distances are 
short.   
 
Table 2. Price and profit of raw material for chips at roadside 
 
Profit, Lt/m3 
Forwarding distance, m Type of raw material  
Price of raw material
for chips at roadside,
Lt/m3 100 350 750 1250 
Brush wood (pre-commercial cuttings) 30 -14.3 -17.3 -22.3 -28.5 
Logging residues (pressed)  22 -4.6   -6.7 -10.0 -14.1 
Logging residues (unpressed) 22  -9.4 -11.8 -15.6 -20.3 
Stemwood 38 15.5  14.7  13.5  11.9 
Whole trees 30   3.1    2.0   0  -2.4 
 
Table 3. Profitability of chip production, using Mus-Max chipper (Lt/m3) 
 
Transportation distance, km 
               10 50 100 
Forwarding distance, m 
Raw material  
for chips 
100 350 750 1250 100 350 750 1250 100 350 750 1250 
Brush wood (pre- 
commercial cuttings) 7.4 4.3 -0.6 -6.8 2.1 -0.9 -5.8 -12.0 -4.3 -7.4 -12.3 -18.5 
Logging residues  
(pressed) 13.3 11.2 7.8 3.7 8.1 6.0 2.6 -1.5 1.6 -0.5 -3.8 -8.0 
Logging residues 
(unpressed) 8.5 6.1 2.3 -2.5 3.3 0.9 -2.9 -7.7 -3.2 -5.6 -9.4 -14.2 
Stemwood 41.2 40.4 39.2 37.5 36.0 35.2 34.0 32.4 29.5 28.7 27.5 25.9 
Whole trees 24.7 23.6 21.6 19.2 19.6 18.4 16.5 14.0 13.1 11.9 10.0 7.5 
 
If it is desired to promote the use logging residues, the problem of the competing profitability of 
this raw material for chip production should be solved by instituting subsidies or increasing its 
price. 
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POTENTIAL FOR EARNING INCOME FROM NON-WOOD FOREST PRODUCTS, 
ENVIRONMENTAL SERVICES AND CO2 SEQUESTRATION 
 
Most widespread non-wood products from Lithuanian forests are mushrooms, berries, medical 
herbs and game. No accounting of these resources according to forest ownership is undertaken in 
Lithuania.  
Potential resources of mushrooms amount to 24,100 tons in Lithuania (Kuliešis and Rutkauskas 
2000). Their annual value totals 68.9 M Lt (Mizaras 2006a). The entire area of most spread berry 
plants amounts to 27.3 ha (AM, VMT 2005), with the yield of 8071.2 tons per year. Their annual 
value totals 10.1 M Lt (Mizaras 2006a) 
The area of entire massifs of common medical herbs amounts to 10.400 ha, with the yield of 
350.8 tons per year (AM, VMT 2005). Their annual value totals 2.9 million Lt (Mizaras 2006a). 
In the period of 1999-2005, the amount of annually harvested animal was as follows: elk, 344; 
red deer, 1109; roe deer, 11,229; wild boars, 11,130; grey hares, 10,363; red fox, 13,490; beavers, 
4144 (AM, VMT 2005). Their annual value averages 50.1 M Lt (Mizaras 2006a). Forest mushrooms, 
berries and medical herbs are collected freely in all forests. Therefore private forest owners cannot 
increase their income by using non-wood products from their forests. Under the current legal acts 
of Lithuania, game is a state ownership. Private forest owners do not receive the income from the 
hunting. If private forest owners were given the right to use the game, their income could increase 
by 18 M Lt per year.  
Under the main purpose, Lithuanian forests are divided into four groups: 1) reserves (1.2%), 2) 
ecosystem-preserving and recreational forests (12.1%); 3) protective forests (16.1%) and 4) 
commercial forests (70.6%). Reserves are exclusively a state ownership. At 1 January 2006, 
ecosystem-preserving and recreational forests totalled 212,300 ha in the private and reserved for 
privatization forests. The usage of these forests is restricted. The main restriction is higher cutting 
age than that of commercial forests. The minimum cutting age of pine stands in commercial forests 
is 100 years and 170 years in the Group 2 forest, spruce can be cut respectively at 70 and 120 years 
and oak at 120 and 200 years. Therefore private forest owners operate at a loss. The high cutting 
age requirement in ecosystem-preserving, recreational and protective forests imposes a cost on 
private forest owners of about 30 M Lt per year (Mizaras 2006b), for which no compensations is 
paid. Compensation payments could be the means to increase the incomes for the private forest 
owners.  
Forests store carbon dioxide, playing a major role in mitigating climate change. According to FAO 
(2005), the forests of Lithuania stored 325 million tonnes (Mt) of carbon in 2000 and 341 Mt in 2005, 
an average increase of 3.2 Mt/year. The annual increment of carbon sequestration corresponds to 
11.8 Mt of carbon dioxide sequestrated in all forests including 4.1 Mt in private forests. When 
carbon dioxide is valued €7/tonne (the initial price of greenhouse gas emission allowances), the 
annual value of carbon dioxide sequestration would be €28.7 M (99.0 M Lt).  
Forest owners do not participate in the EU Emission Trading System. Mostly energy enterprises, 
which installed capacity of not less than 20 MW, participate in the EU Emission Trading System in 
Lithuania. Using woodfuels, carbon dioxide emission decreases and energy enterprises can sell 
emission allowances.   
There are proposals to include the environmental services, including carbon sequestration, to 
market processes (Mantau et al. 2001; Bueren et al. 2002). The EU Environmental Council is in 
favour of the inclusion of Forestry in the European Emission Trading System (ETS). The Council 
adopted conclusions on the European strategy on climate change, in response to the proposals 
made by the Commission in its ‘energy package’ presented in January 2007 (Council of the 
European Union 2007). The Council stated its position on the various components of the European 
climate strategy and called on the Commission to extend the scope of the EU ETS to land-use 
change and forestry. If this proposal is approved by the Commission, then companies participating 
to the EU ETS will obtain emission reductions rights through forestry projects (i.e. carbon sinks). 
Private forest owners would have the possibility to increase their incomes by afforestation of their 
lands.  
 
CONCLUSIONS 
 
A small-scale private forestry is forming in Lithuania, and currently comprises 35.1% of the total 
forest area. An average size of a private forest estate is 3.4 ha. The private forest sector comprises 
221,700 private forest owners. Income from wood constitutes the main part of the private forest 
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owners’ income from forests. The main directions for increasing the income from forests usage of 
logging residues and other currently non-used wood for wood fuel, usage of non-wood forest 
products, and sales of environmental services and of CO2 sequestration.  
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